The electrophoretic pattern of the serum in the nephrotic syndrome is marked by decreased concentrations of albumin and elevated concentrations of alpha2-and beta-globulins. A large portion of the excess lipid in nephrotic serum migrates at pH 8.6 in the alpha2 region, whereas normally the major part of the lipid is found in the beta position. This abnormal finding has never been adequately explained. Thus, Swahn remarks that "the electrophoretic separation of alpha2-from beta-globulin in nephrotic sera is often poor and it is difficult to decide whether there is a pathological lipoprotein fraction migrating quicker than normal beta lipoprotein" (1) .
Unesterified fatty acids (UFA) have been recently demonstrated to be of considerable importance in lipid transport and metabolism (2) . In normal serum these acids are generally considered to be predominantly carried by albumin. However, Gordon (3) and others (4) (5) (6) have shown that UFA can increase the electrophoretic mobility of serum lipoproteins when liberated in vivo by heparin-released lipoprotein lipase or when added directly to the serum in vitro. It was inferred by the above investigators that at these high levels, a significant fraction of the UFA became associated with the lipoproteins, thereby increasing their negative electrostatic surface charge.
The present paper reports on direct measurements of the partition of UFA resulting from the competitive binding of UFA by the albumin and lipoprotein components of the serum. The distribution of UFA in normal sera was compared with the distribution in pathologic sera, in which the total UFA concentration does not deviate appreciably from normal, but in which the relative albumin and lipoprotein concentrations are so altered as to produce a marked shift in UFA equilibrium. It could be shown indeed, that such conditions prevail in the nephrolc syndrome and to a lesser extent in other hyperlipemias and appear to be responsible for the irregular electrophoretic pattern of serum lipoproteins observed in these states.
MATERIALS AND METHODS
The blood samples were obtained from fasting subjects and promptly chilled. Separation and analysis of the sera was started within two hours of blood withdrawal.
Unesterified fatty acids (UFA) were first determined by the method of Dole (7) and later by a modification (8) of the method of Gordon (9) as indicated in the text.
In the extraction mixture used by Gordon, part of the glacial acetic acid has been replaced by acetic anhydride.
The sample was introduced into the modified solvent without previous lyophilization. After the dehydration was completed, the washing and titration procedures of Gordon were followed. Total protein was measured by the biuret method of Weichselbaum (10) . Serum lipids were determined by the method of Bragdon (11) . Total lipid values were obtained by dividing the dichromate oxidation value by 17.7. Total esterified fatty acids were estimated according to Stern and Shapiro (12) .
In the initial experiments the procedure used to measure the amount of albumin-bound UFA was to separate the serum albumin by precipitation of the globulins at 60 per cent ammonium sulfate saturation (13 (16) at -5°C. to 0.38 Eq. per M of albumin, assuming a molecular weight of 69,000 for albumin. 3 The albumin thus obtained was electrophoretically homogenous when examined in barbital buffer at pH 8.6 and its mobility was -5.8 X 10' cm.' Volt.' sec.'.
Moving boundary electrophoresis was performed in a Perkin Elmer apparatus 38A, equipped with the PhilpotSvensson optical system. The sera were diluted threeto fourfold and dialyzed for 24 hours against barbital buffer, pH 8.6, ionic strength 0.1 at 40 C. The electrophoretic mobilities were calculated from the descending boundary patterns, while the relative concentrations of the resolved components were derived from the ascending boundaries. Duplicate determinations performed on two samples of the same serum gave results differing up to 5 per cent.
Paper electrophoresis was performed on Whatman 3 MM strips in the apparatus of Kbiw, Wallenius and Gr6nwall (18) . The proteins were stained with amido black and the lipoproteins with oil red 0. The stained strips were quantitated in a photometric automatic recorder (Spinco Analytrol) with 600 and 500 mu filters, respectively. 8After this work was completed a more efficient procedure for preparation of UFA-free albumin was published (17 the sera from the first 12 cases of nephrotic syn-bumin is reduced with rise of lipid or decrease drome which were fractionated with ammonium of albumin concentration in the serum. sulfate solution (Figure 1 ). The plot indicates (Table III and decrease in the alpha2-globulin concentration was recorded.
Paper electropherograms of nephrotic sera, stained with oil red 0 (Figure 3) , lend additional evidence as to the lipoprotein nature of the beta-component, the mobility of which was most affected upon enrichment with UFA-poor albumin. They also hint that the migration rate of the alpha, lipoprotein in nephrosis may be affected by its increased UFA content. However, accurate measurements of the mobility of this component could not be performed because of marked dilution of nephrotic, lipemic sera necessary for analysis in the moving boundary apparatus.
The concentration of alpha, lipoprotein in nephrotic serum is diminished (19) and its peak at such dilution is hardly discernible. (20) . Taking the normal concentration of serum albumin as 0.6 mM per L., the amount of UFA which can be firmly bound to this first class of binding sites on albumin considerably exceeds the normal UFA level. The situation may therefore be regarded as a competition between the albumin and the lipoproteins for the available UFA. Such competitive interaction is indicated by the changing partition of UFA in serum with rising concentration ratio of lipoprotein to albumin, as exemplified in the pathologic conditions of nephrosis and hyperlipemia. In some of these sera with grossly distorted lipoprotein to albumin ratios, the UFA carried by lipoprotein may amount to more than half of total serum UFA.
Goodman and Shafrir (21) have quantitatively studied the interaction of five unesterified fatty acids with d < 1.019 and d = 1.019 to 1.063 lipoproteins. The studies were carried out by measuring the distribution of varying quantities of C14-labeled lauric, palmitic, stearic, oleic and linoleic acids in an isolated albumin-lipoprotein system. These acids comprise about 80 per cent of normal serum UFA (22 tion, resulting in a higher fraction of the fatty acid becoming associated with lipoprotein. These findings are in apparent contradiction to the results shown in Table II , where larger amounts of UFA were found with the lipoproteins and where flotation with potassium bromide and deuterium oxide as density media produced only small differences in the percentages of lipoprotein-bound UFA.
Similarly, Gofman and co-workers (23) measuring the UFA contents of extracts of salt-flotated lipoproteins by infrared spectrophotometry, reported still higher amounts of UFA associated with the lipoproteins.
It is therefore to be emphasized that in the results presented here the UFA content of the lipoprotein fractions was measured on the basis of the extractable and titratable acidity. It may be possible that some of the extracted acidity represents a non-UFA constituent. However, it is more probable that some of the other serum unesterified fatty acids not included in the above study (21) might distribute differently between albumin and lipoproteins. The discrepancy may be explained by assuming that a small fraction of serum UFA (5 to 10 per cent) is preferentially bound to the lipoproteins, its partition being negligibly affected by raising the ionic strength of the flotation medium. The possibility that fatty acids with chain length greater than 18 carbon atoms may constitute such a group is under current investigation.
The accelerating effect of UFA on the electrophoretic mobility of serum protein components has hitherto been demonstrated only in the presence of excess of UFA (4) (5) (6) . In the experiments reported here on nephrotic syndrome serum, increased mobility of lipoprotein components was shown to persist despite normal UFA content. The increased mobility seems to be strongly associated with the shift in UFA partition equilibrium as caused by the abnormally low albumin and elevated lipoproteins. In nephrosis most of the lipoproteins are of molecular density less than 1.063 (24, 25) . This lipoprotein group normally migrates in the beta-globulin zone, although according to Kunkel and Trautman (26) it includes some lipoproteins with alpha2-globulin mobility. Therefore the most pronounced effect of UFA made available for binding by the lipoproteins will be exerted on that fraction in particular. The additional negative surface charge acquired by the UFA-rich nephrotic beta lipoprotein appears to be sufficient to displace it totally or partially into the alpha2-globulin zone. It remains to be determined whether the effect of UFA on the mobility of beta lipoprotein will be more pronounced in the type of nephrosis in which the lipoproteins of d = 1.019 to 1.063 rather than those of d < 1.019 are elevated (24) .
It is pertinent that markedly increased lipid content of alpha2-globulins was observed by Ott in two patients with analbuminemia (27) . This was considered to be due to partial displacement of the beta lipoproteins, which in such cases appear to be sole carriers of serum UFA.
Upon enrichment of nephrotic serum with UFA-poor albumin, considerable amounts of UFA left the globulin fraction and concomitantly the beta lipoproteins resumed their normal migration rate. This reversal of the rapid migration rate seems to warrant a general conclusion regarding the appreciable quantity of lipoproteins migrating ahead of the beta-globulin region in sera with seriously distorted lipoprotein to albumin ratios. Such phenomena should be considered as due to increased mobility of beta-lipoprotein rather than to the appearance of a new lipoprotein entity. While this consideration may help interpret abnormal electrophoretic lipoprotein patterns, the physiologic significance of the competition awaits further elucidation.
SUMMARY
Albumin-and lipoprotein-bound unesterified fatty acids (UFA) in normal and nephrotic sera were measured. The total UFA content of nephrotic sera was within the normal range but the proportion of UFA bound to lipoproteins was considerably higher than in normal sera. The partition of UFA appeared to be dependent on the lipoprotein to albumin concentration ratio in the serum.
The electrophoretic resolution of alpha and beta components, as well as UFA partition in nephrotic serum, was restored toward normal by the in vitro addition of UFA-poor albumin. This was due to the decrease in the electrophoretic mobility of the beta lipoprotein component in the albumin enriched serum. It is concluded that the increased UFA content of the lipoproteins may be the principal cause of excess lipoproteins appearing ahead of beta zone in the electrophoretic pattern of sera with grossly distorted lipoprotein to albumin ratios.
